THTLE: =% .SULFONATE CONTAI NI NG COPOLYMERS AS M ST \pgs wﬁ\jl
SUPPRESSANTS | N SOLUBLE O L (WATER- BASED) 5 METAL NG
FLU DS - BACKGROUND OF THE | NVENTI ON 13-
Thi s«invention relates to aqueous nmetal working fluids conprising of water
10 and a m st suppressing copolyner. Optionally, the fluid my be an

oi |l -in-water emul stion. Such enul sions include oil and an emul sifier.
In addition to the m st suppressing copol yner, netal cutting
operations oftenm-involve-a work piece which - rotates at relatively high
speed, and a cutting tool both of whichlare |ubricated by a nmet al

working fluid. Under these conditions, the netal working fluid is
frequently 15 thrown fromthe surface of the netal in the form of

dropl ets. Of t e@ITR&E: dr op SMIFQNATE CONPAINING GOPOLYMERS ASMISEd as a
mst. Msting, or the foSURRRESSANASINSOLYBLE OIE(NEATERBASEDsi r abl e,
because it sepresents a METAL WORKING FLYIDSui d, and the cutting
fluid mst is considered a contamnant in the air around the cutting

machi ne. Pol ymers contai ning acryl am des are known to thicken
aqueous materials. 20 &m&r@ﬂ?ﬁﬂmm oses an aqueous
conposi tion containing a water sol ubl e pol yner havi ng pendant

hydr ophobi ¢ groups, e.g., an acryl am de/ dodecyl ' acryl ate copol yner,

and a water di sper sihisdnventibRedl@es to eﬁluGous Hi&al wonkétgeMiids mpHshgof water
pol yet hyl eneoxygl ycol nono et her wat er sol ubl e nmononers incl ude

et hyl eni cal®y ami;anustasumessmmpob'mnngpnamﬂw therfluid maybeaneil-in-watetio- 2 25
met hyl propane sul f an a o of .t. r...sol uhl e .monomer
T ther °Pa", Btulfibh: SO mandpn BEhdE o 8id & Gt Bis0dipg st

99.995: 0. 005. 'Lhighréky copolym@f %ﬁétﬂ%ﬁﬂm@?fpe%a'ﬁ@n%’ﬂﬁ&?ﬂﬁ%lb@ﬂonE‘ﬁieH@'%hFcﬂha”Ced
oil recovery processes ty control agents, fracturing
fluids and dri rdtateg atmel%xve]glnghﬂpeah ah#drcauingctoéllbaﬂdef which arerlubricated byant s.

;B& :Jigt IO];nF henfe? or ng d%&ﬁr?hese conliﬁtlo%sf u' d worgnt ﬂ%lddils E‘%&t?e%ﬁd 30

15  thrown from the surface of the metal in the form of droplets. Often the droplets are
small enough to be classified as a mist. Misting, or the formation of a mist is
considered undesirable, because it represents a loss of the cutting fluid, and the
cutting fluid mist is considered a contaminant in the air around the cutting machine.

Polymers containing acrylamides are known to thicken aqueous materials.

20 U.S. Patent 4,432,881 discloses an aqueous composition containing a water
soluble polymer having pendant hydrophobic groups, e.g., an acrylamide/dodecyl
acrylate copolymer, and a water dispersible surfactant, e.g., sodium oleate or dodecyl
polyethyleneoxyglycol mono ether. Exemplary, water soluble monomers include
ethylenically unsaturated amides such as acrylamide and 2-acrylamido-i

25  methylpropane sulfonic acid. The molar ratio of the water soluble monomer to the
hydrophobic monomer is in the range from 98:2 to about 99.995:0.005. The uses
disclosed for the composition, include enhanced oil recovery processes, as fluid
mobility control agents, fracturing fluids and drilling muds as well as hydraulic fluids
and lubricants. The use of the composition in metal working fluids is not a disclosed

30  application.



- 2- U S. Patent 4,520,182 discloses water sol uble

acryl am de/ al kyl acryl am de copol yners which are efficient

vi scosifi‘ers of water or brine. It also discloses a process for the
copolyneri zati on of water insoluble acrylam des with water sol uble
acrylam de. The nol e percentage of the water soluble acrylamde in the
conposition 5 ranges from about 90.1 bo about 99.9 nol e percent.

U. S. Patent 5,089,578 discloses novel hydrophobically associated

terpol ynmers cont ai ni 1 f.o ctional it i ch are ful as ueous
frura """ heol ogy - FatenbSAE14s SRt Pale Yolthie it Ryt pentimie.
are acryl am decggtlymers whichSé bffiefenevis@sifictsoTiveadér of biine.altksdt dstisses oni ¢
acid and the water insoluble nmonomer is 10 a higher al kyl acrylam i de.

The et hyl eni caprogessiforthgrcapelymerizationiof watsr dnsolublsl acridamides with watdrablibleuch as

sodi um 2-acryl am do- t hyl.propane sulfonate. The nole.. . ercent.age of
acryl amide is mﬁwéo{@leéﬁ%lgtpe CRIaeS ‘E‘F“@%“:’W&B@aﬁ%ﬁﬂé‘#&m?gf@@w .
mol e percens, pdnged Wb ABBHIOTI agaooqigﬁ.b%aag&ca&.the sul fonate contai ning
nononer is preferably fromabout 2 to about 95, and the nole

- percent age of the hyuS.dpitent 508%578 discloses novel hpdrephobidally agsociatedbout 0.1 to
about 10.0, nore preferably.0.2.to 5. .nol.e . rcent . . Metal wogki.ng

appl i cati ons afeép&ﬂmleraicgeq _ulftonate functionality ﬂbﬁs preussfil asaqueous tuids o ¢ o
control m stingy “W \ i i i 02
di scl oses water dggbgg?r qrrlgt a “\X%Pﬁ‘ﬁge#sl %ﬁ/\ﬂ] sg wb}en%g#o%?g?g%blﬁn@%?
amount s of wat asalsof arbéthylpuitatlyamsaturhted saifosicacid add thel waterinsallible monomiehisee
(3) 20 classes,, Anigpic polymers, cationic polynmers, and nonionic polyners
whi ch cont &8 8 higher alkyl feryastidn: The Wenigallyipsaturated sulfopic acids includge

wat er - di sper si : : Hﬁ@i _ LGl

substantially glla rsesgclzlaasusé)gbusm |2n S r?g?%ﬁlégidg&%gég‘eg‘ggﬁbd%uperi or
| ubri cating angersetagadfaceylimide ispraferablycdbiont 5 €6 abdiit OB, Mo preffably 10 to 90AS
hydraulic fluids and netal working conpositions. The fluids of the

i nvention 25 Bipperesnd tbﬁmqemermtefqﬁ&rssahmi m@uéfnaatle lgyntamwstlmnom;dﬂol e
Sl .
o7 osacl i nking MstaRkly fromE SR 4% b os nd e ol iRt of AEREMIBLED, 1

nonomer  angs ( Cmoabmef B)Yréfeiably ftom HBGA0U R Hdut 10.0, MEdePrefefbR 01D t&5 MyMONET .
The water sol ubl e nononers include acryl am do- 2- met hyl pr opane

sul foni c aci d. pesgentr Meteloworking applications;anemeot digelosedyr ene conpounds,
Acrylic polymers are used to control misting in metal working applications.

U.S. Patent 3,833,502 discloses water based metal working fluids which incorporate

small amounts of water-soluble polymers. The polymers disclosed fall into three (3)
20  classes. Anionic polymers, cationic polymers, and nonionic polymers which contain a
sufficient number of hydrophilic groups to be water-dispersible.

U.S. Patent 4,493,777 discloses substantially oil free aqueous industrial fluids
possessing superior lubricating and wear preventing characteristics which are useful
as hydraulic fluids and metal working compositions. The fluids of the invention

25  comprised one (1) an aqueous liquid and (2) a water soluble synthetic addition
copolymer of (a) an ethylenically unsaturated cross-linking monomer, (b) an
ethylenically unsaturated water soluble monomer and (c) an ethylenically unsaturated
water insoluble monomer. The water soluble monomers include acrylamido-2-
methylpropane sulfonic acid. Water insoluble monomers include styrene compounds,

30  vinyl esters and acrylate esters. The cross-linking monomers are polyvinyl



. can al so be a non-10nic sur

30 vinyl esters and acrylate esters. The cross-1linking nononmers are

pdl yvi nyl , ' - 3-

conmpounds which are present in anounts sufficient to control the degree of

swel l-abi lity of said copolynerization product, while inparting nechani cal

. reinforcenment to said copolynerization product. U S. Patent

4,770,814, and its Divisional Patent 4,880,565 disclose shear 5 stabl e

aqueous anti-m sting conpositions suitable for netal working. The

conposi tions capifpoinds whisk arl prédentinauiduattsafficient tAdontidl thd depfebdft ant

conpound havi ng ... a_hydrophobic¢ noiety chenically bonded"to an ionic

hydr ophi | i ¢ moiss¥e]labilify of said copolymerization pyaduct, avhile imparting mechanical i s capabl e

- of associating ) ' . T vi scoel asti c surfactant
ol 1 b omerion gt o

surfactants 10 are

| mononeri c. U.S. Phitin€ 4770828 2nd it _D’Nii%ﬂgﬂt&ﬁﬁ@ﬂsi(%@s?&@a@s% sﬁéﬁar

- wat er - sol ubl e pol yner . conpounds having nmean nol ecul ar wei ght hi gher
than 1 nmillPon anyeous anti-misting) compositians suiteble far netak morking.dThe

Dyt o e oS SRy b A ORlRe S Tentarn, GREinlIERE AR compaond Roving
acids 15 havi nthydfsbichhoibg chém&aﬂfaoxﬁea mr %@{1@3@@&&%&5@5&&8% in

wat er - m sci bl e and wat er _m xed cool 1 ng , tor ce m st
formati on. electrolyte having a meietythatiisicapeble ofiagsarihding iwithsthe swlfieart fvm. gt | ng

of machine fluids at the soprce by stabilizin e ai nst_ break-up
during the extr glgﬁggprfe%tﬁ% ?P&F?Q%e“}‘/m"&ﬂ? E‘I‘Fﬂlﬁ‘i‘,\?xr &Bﬁmsagsﬁﬁ’d“éf?%ﬁki ng
oper ati ons.joH Gle fBh&mEi@r Wei ght pol y(ethyl ene 20 oxide) is conmonly used

in this application. A typical polyner is POLYOX avai | abl e from Uni on
Car bi de. Typi cal |y, Internatipwilytaters W2093/24601 disoldses clesr witer-soluble pblymer 1 t 0
2 mllion. However, these polyners are susceptible to shear. Metal

wor ki ng appl i c&ompRurdsihayingmeanyeolequlas wesight higherthan d million and selested among

king fl uid ey ' | ' 0ol hy| i d
often aut for 1 e ReyalEABCORIAI U AMIRIES SoBmetfacimBes Yag P coBRmien o
resul ts when hioflan abmidomtl/ér rﬁétbyl&egﬁ]ﬁxﬂde withmnsdtuﬁwde&ghﬁé cHBOBYNE acids

10 (6]

pol y(et hyl ene oxide) to hreak down an se its ability supr ess

m st f or mat} on having shree (Hitg Aive kD-carbosatoms (whishsare used ip ovaperemiscibletant avater
repleni shed freguentddfing lubricants, to reduce mist formation.

Polymeric anti-misting additives reduce the misting of machine fluids at the
source by stabilizing them against break-up during the extreme shear conditions
which occur during metal working operations. High molecular weight poly(ethylene

20  oxide) is commonly used in this application. A typical polymer is POLYOX®
available from Union Carbide. Typically, these polymers have a molecular weight
from 1 to 2 million. However, these polymers are susceptible to shear. Metal
working application often involve high shear, and as a result, metal working fluids
containing high molecular weight poly(ethylene oxide) often suffer in performance

25  when subjected to shear. Such degradation results when high shear conditions cause
high molecular weight poly(ethylene oxide) to break down and lose its ability to
supress mist formation. In such high shear applications, the polymer must be

replenished frequently.
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-4- SUVMMARY OF | NVENTI ON An
agjueous netal working fluid conprising water, and a m st suppressing

copol ynmer: formed by copol ynerizing (A a hydrophob| c nononer sel ected from
the -5 group consisting of A(l) an al kyl substituted acrylam de conpound
havi ng the formul a:

[err] wherein Rlerr] is a hydrdagen or a nethyl group and R2 and R3
are i ndependently hydrogen or hydrocarbyl groups, provided that the
total number of carbon atons in SPNRVEARY GRINVENTIQNONDI ned is between 2
and 36, and A(lIl) an acrylate ester of the Ttoltowng formul a:

[err] where R err] is a hydrogen or a nethyl group and Rerr] is a

? d byl tai nin . het wee and 20 carbgn atons; and (B) a
| Tyarocarbyl 9r oD Col) et woHSt 558 chried Dni A R B
. acrylam do sulf o I

Lerr] Ppelyme “fiwﬂ" il (1) dhydrophobi monomer sclcated from the

al i phatic of argseun ¢ansisting of A(I) an alkyl substituted acrylamide compound having the
formula:

1
CH2=J:—E—N:R2

wherein R, is a hydrogen or a methyl group and R, and R; are independently
hydrogen or hydrocarbyl groups, provided that the total number of carbon atoms in
10 Rz and Rs combined is between 2 and 36, and A(II) an acrylate ester of the following

formula;

CHz=&—-g—O—-R9

where R; is a hydrogen or a methyl group and Ry is a hydrocarbyl group containing
between 1 and 20 carbon atoms; and (B) a hydrophilic monomer compound selected

15 from the group consisting of B(I) acrylamido sulfonic acids having the formula:

Re O
CH2=6—<L,L —NH—R—S0; X'

wherein Ry is a hydrogen or a methyl group and R is an aliphatic or aromatic
hydrocarbon group containing from 2 to 8 carbon atoms; B(I) acrylamido disulfonic

acids having the form_ula:

- +

SO; X

o CHF_é—tEl —NH—R—S0; X'

wherein Ry is a hydrogen or a methyl group and R is an aliphatic or aromatic
hydrocarbon group containing from 2 to 8 carbon atoms, and B(III) a styrene
sulfonic acid having the formula:



hydr ocar bon group containing from2 to 8 carbon atons; B(Tl) acryl am do

di sul fonic aci ds having the fornul a: .
[err] 20 wherein R err] is a hydrogen or a nmethyl group and Ris an
al i phatic or aromatic hydr ocar bon group containing from2 to 8 carbon
atons, and B(lI11) a styrene sul fonic acid having the formul a:

-5- [err] and X err] is a

cation selected fromthe group consistisg of alkali metal cations,
al kaline earth cations, cations of the transition netals - Sc, Ti, V, Cr,

Mh, Fe, Co, N, Cu, Zn, and Hp==QH cations of the follow ng

fornmul a: [err] wher e
Rlerr], Rerr],Rerr], and Rlerr] are i pendently hydr ogen or hydrocar byl
groups, provi ded that the total funt

f.cgebon atons in an anmoni um
cation does not exceed 21 carbo Sg??d urther provided that if A
Is A(l) then the ratio of noles 0 to Bis in the range of 95:5 to
25:75 and if Ais A(ll), then the ratio of noles of 10 Ato Bis in the
range of 90: 10and X5ispscation selected from the group consisting of alkali metal cations,

alkaline earth cations, cations of the transition metals - Sc, Ti, V, Cr, Mn, Fe, Co, Ni,

Cu, Zn, and ammonium cations of the following formula:

RsReR7RgN"

where Rs, Rs, Ry, and Ry are independently hydrogen or hydrocarbyl groups,

provided that the total number of carbon atoms in an ammonium cation does not

exceed 21 carbon atoms and further provided that if A is A(I) then the ratio of moles

of A to B is in the range of 95:5 to 25:75 and if A is A(II), then the ratio of moles of
10 A to B is in the range of 90:10 to 25:75.

DETAILED DESCRIPTION OF THE INVENTION
The term "hydrocarbyl" includes hydrocarbon, as well as substantially

hydrocarbon, groups. Substantially hydrocarbon describes groups which contain
15 non-hydrocarbon substituents which do not alter the predominantely hydrocarbon
nature of the group.
Examples of hydrocarbyl groups include the following:
(1)  hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, ardmaﬁc-,
20 aliphatic- and acylic-substituted aromatic substituents and the like as
well as cyclic substituents wherein the ring is completed through
another portion of the molecule (that is, for example, any two

indicated substituents may together form an alicyclic radical);



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The term "hydrocarbyl "
i hcl udes hydrocarbon, as well as substantially hydr ocar bon, groups.
Substanti-al ly hydrocarbon describes groups which contain 15

non- hydr ocar bon substituents which do not alter the predom nantely

hydr ocar bon nature of the group. Exanpl es of hydrocar byl
groups include the foll ow ng: -6- (1) hydrocarbon substituents,
that is, aliphatic (e.g., alkyl or alkenyl), alicyclic

(e.g., cycloalkyl, cl Oglﬂﬁﬁiﬁ!é&lgﬂmoh%ﬁﬂgt enfy, B ld Biose %ﬁ)tsﬁtgeptlske as

ali phatic- and acyl I ¢-substituted aronatic substrtuents an

wel |l as cyclic substi tuenomainingrmh-rhydfmanbbngrd@svmirfw, iri the coftextighhis

anot her portion of the nplecule (that is, for exa e, any two

i ndi cat eg substituents niiyeRtiRfedapt altor m%{e@m@wn&lwdf%%@msybshtuem;

- 6- 2 Is s i IS, Ghat is,

t hose substituents( ) mg&mwlﬁ%@we@gﬁ%%?%F%g%réﬁ%r@gar on groups
-~ which, in the context of (¢specially chloro and fluoro), hydroxy, dlkosgnervaptod alkglpderal t er
" the predom nantly hydrocarbon substi tuen}.; t hose
skilled in the art will FRPIG.Mtre mikoso, sfaxyoeied ad ¢ halo 5
(especially chloro and fluoro), hydroxy, alkoxy, nercapto, alkyl ner-
capto, nitro, nitroso, sulfoxy, etc.); and (3) het er o
substituents, that (3), shésid substithénts)thatlis, sibstituentyi widchaill, dghild having a
predom nantly hydrocarbon character within the context of this 10

i nvention, contain ot herpteldamlf@aﬂbbﬂrmaémharwqwlﬂngtmmmﬁﬂ of this

ot herw se nposed of ca . at . Suitabl e heteroatons w e

appar ent tgd)t hose of or dlfnggllr;%/oehsg&ﬁ?mi%#efﬂgmé’tafmogﬁ’aeﬁeﬂtc’f‘&d'&g qrcf?'algxarrpl e,
sul fur, oxygen, nitrogenothefvise!Edmgosed bf E41BoK stoms. SRitsble hét¥roatbtls willey |
thienyl, imdazole, etc. In general, no nore than about 2, preferably 15
no nore than one, non- hyé&prasent bothosepEondinamnskilhinithe aw apd inchwde, fooexample,

sulfur, oxygen, nitrogen and such substituents as, e.g., pyridyl, furyl,

thienyl, imidazole, etc. In general, no more than about 2, preferably

15 no more than one, non-hydrocarbon substituent will be present for
every ten c;irbon atoms in the hydrocarbyl group. Typically, there will
be no such non-hydrocarbon substituents in the hydrocarbyl group. In
that case, the hydrocarbyl gfoup is purely hydrocarbon.

20 COPOLYMER
The anti-misting aqueous compositions contain a copolymer which is formed

by the copolymerization of a water soluble monomer, often referred to as a
hydrophilic monomer, and a water insoluble monomer often referred to as a
hydrophobic monomer. The hydrophobic monomers are alkyl substituted

25 acrylamides, alkyl substituted methacrylamides, acrylate esters and methacrylate
esters, the hydrophilic monomers are sulfonate molecules containing a single
ethylenic linkage. When the polymer contains alkyl substituted acrylamides and alkyl
substituted methacrylamides as the hydophobic monomer then the molar percentage
of the hydrophobic monomer is in the range of 25 to 95 percent. In this case, the

30 molar percentage of the hydrophilic monomer is in the ratio of 5 to 75 molar percent.



every ten carbon atons in the hydrocarbyl group. Typically, there wll

beé no such non-hydrocarbon substituents in the hydrocarbyl group. In

that case, the hydrocarbyl group is purely hydrocarbon. 20 COPOLYMER

- The anti-m sting aqueous conpositions contain a copolyner which is forned

| by the copolynerization of a water soluble nononer, often referred to as a
" hydrophilic nmononer, and a water insolu@Le nononmer often referred to as a

hydr ophobi ¢ mononmer. The hydrophobi ¢ nononers are al kyl substituted 25
acryl am des, alvityén the Bolyhier teiflaii®AIRAGYtiFed B6rylafes ail alk§] fbsRuEedand
nmet hacryl ate esters, the hydrophilic nonofrers are Sul fonate nol ecul es

contai ni ng a simeghasrylates assthp hiydaphobicimonemesr thehdhe mplar pericontage ofthydedphebial ky |
' substituted acrylamde nd,~al kyl. substituted npLhacryl am des as the
~ hydophobi ¢ mné‘i?é‘?“l“‘ﬁ@??f‘ﬁ%"rﬂﬁ'é’?‘t # e ol petcentage oF e i pafifismaogier i

- mononer is in bgot3 R:eﬁf. IA3hé PolfmenAkioR Béactibﬂtﬂe@tlfyléiﬁéﬁka%%ep@ﬂnn%' ar' ar

percentage of the hydrophilic nononmer is in the ratio of 5
per cent . 5  and the resulting polymer consists of a polyethylene backbone with hydrophilic ahen

t he pol yner contains .al kyl substituted acrylates and al kyl substituted
net hacryl at es H&Oﬂ@%&&ﬁﬁﬁ@%& B Frossrlipking, monpmers F‘t‘éﬂ‘ﬁ ggpong
hydr ophobi ¢ the RBRGHES whichiR &&Qdﬂ?{hsgﬂm' £ eptage of
the hydrophilic errpnomar i's ay 10 to 75 ercgﬁtg.&llg?rt eﬁ%‘(’) ;%rgr Fﬁz'a i on
reaction the etfihkingmaonoiersexgest desirgblein the polymerscofdhé present invientiorg pol yner
consi sts of a pol yethyl ene backbone wi th hydrophilic and hydr ophobi c

si de chains. Polyvinyl cross-1linking nononers are not included anong
t he nononeng Wirepgigyybe used in the practice of the present invention.

Cr oss- | i nking nononers are not desirable in the polymers of the
present i nvent Measurembfits of YoIGEEIBViS0sity were ey eotbpuiriag fhe eflik/timen
viscosity were made by conparing the efflux tine required for a

- » t »
speci fi ed vol ufi¢quired 5n 8 spsrifisd volume of pelymes splutiortadfiovathsaysh 4 eapillaryitibe
(Ostwal d- FenskfogaRid-kaiske Uity bhsEimets) Wie e cSLpBRRAE el effle 4, "3 b ™ 1 ©
solvent. From ¢, #p and the polymer concentration c, the inherent viscosity is derived

15  based on the following equation
hinh = [In (¢ /1))

where the concentration ¢ is expressed in grams per deciliter (g/dl).

20  Methanol was used as solvent. All inherent viscosities were measured at 30 °C and ¢
= 1.0 g/dL.

HYDROPHILIC MONOMERS
The hydrophilic monomers usable in the present invention are ethylenic
25  monomers containing a sulfonate group. Three types of sulfonate monomers have
been found to be useful in the present invention. The first type of hydrophilic

monomers are the substituted acrylamides containing a sulfonate group:

+

R; O
CH2=E——E —NH~R—S05; X



solvent. Fromt, to and the polyner concentration c, the inherent viscosity

i5 derived 15 based on the follow ng equation [err] wher e
the concentration c is expressed in grans per deciliter (g/dl). 20

Met hanhol was used as solvent. Al inherent viscosities were neasured at 30
[err]C and ¢ = 1.0 g/dl. HYDROPHI LI C MONOVERS The

hydrophilic nononers usable in the presedt invention are ethylenic 25
nononers containing a sulfonate group. Three types of sul fonate nononers
have been whersinR}, is dieydusgeh\dr aimethyl groupes@R isi anatiphdtiecror ahhaeorhaticst t ype

of hydrophilic noners are.the substjituted acryl ani des containing a
sul fgn atg gr Ou'gl_ydrocar on group conta‘iemng om two (2) to §ght ) %/agbqr] atoms which acts asga

- 8- wher @i S. A, _ i S | i phatic
or an aromati c%hag%%%?@@%%& 8%“?%%?%%1%@@%3%%@% s“?@n%fght (8)
carbon at ons Wgr@ip. amazgﬁo@maybea}aﬁdmabﬁatmemwchkm IRfRI6-ROr tion of
the acrylam do group, and the sulfonate group. The group may be

br anched as3i nmetylprepane sulfopic aeid ywhieh lans the follgwingrstmutpiresr opane sul f oni ¢

acid which has the follow ng structure:

[err] ﬁ CH;
CH,=C—C -—NH—&—CHZ—SO{ x"
H;

The R group may also include phenyl groups, alkyl substituted phenyl group and
cycloaliphatic groups. The second type of sulfonate monomer are the substituted
acrylamides containing two sulfonate group structures:

- +

. Ry O _SO3 X
. CH2=J:——H —NH—R—S0; X'

wherein R, is a hydrogen or a methyl group and R is as defined above for the
acrylamides with a single sulfonate group. The sulfonate groups may be attached to

the same or different carbon atoms.

15 The third type is the styrene sulfonate illustrated by the following formula:

CH,=—CH

@40; X"

The X" is a cation selected from the group consisting of alkali metal cations, alkaline
earth cations, cations of the transition metals - Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu,

Zn,, and ammonium cations of the following formula:

R N*
20 sReR7Rg



The R group may al so include phenyl groups, alkyl substituted phenyl group
and cycl oal i phatic groups. The second type of sulfonate nononmer are

t he substituted acryl am des containing two sul fonate group structures:
[err]- 10 wherein R4 is a hydrogen or a nmethyl group and Ris as
defined above for the acrylam des with a single sulfonate group. The
sul fonate groups may be attached to . .the same or different carbon
atons. 15 The third type is the styren® sulfonate illustrated by the

fol | ow ng for myhdre Rs, Rs Ry, and Re are independently hydrogen or hydr6&drbyl groups The
X[err] is a cation sséIRgbt-’ed f}{gmtheepgroupycgnsigsti ngyof a‘h(gl pn’ﬁ\t al

cations, al kal pravided thatghe tatalowmbenef caclan asoms inf ant smmoniemsiatiomdoesatosl s -
Sc, Ti, V, Cr, M, l;? %Oh Ni , Cu, Zn,, and anmoni um cations of the
fol | owi ng f or mxcged 21 carboh atoms [err] 20
-9- where R err], Rerr] ,Rerr], and R err] are independently
hydrogen or hydrocarbyl groups,

5 HYDROPHOBIC MONOMERS

The hydrophobic monomer may be an acrylamide or methacrylamide

corresponding to the following formula:
R; O R
CHP&-H—N:I:
3

In this formula, R, may either be a hydrogen or a methyl group corresponding to an

10  acrylamide or a methacrylamide respectively. R, and R; are independently a
hydrogen or hydrocarbyl group provided that the total number of carbons in R; and
R; is in the range of 2 to 36 carbon atoms. Accordingly, when R, is a methyl group
then Rs must be an alkyl group rather than a hydrogen. It is preferred that the total
number of carbon atoms in R; and R; be in the range of 4 to 36 carbon atoms, or 4 to

15 24 carbon atoms, or 4 to 12 carbon atoms. Other preferred ranges for the total
number of carbon atoms in R, and R; are 8 to 36 carbon atoms, or 8 to 24 carbon
atoms, or 8 to 12 carbon atoms. The most preferred range for the total number of
carbon atoms in Ry and R; is 4 to 8 carbon atoms.

The hydrophobic monomer may also be an acrylate or methacrylate ester of
20  the formula:

R; O
CH—={—8—0—R,
where R; is a hydrogen or a methyl group and Ry is a hydrocarbyl group containing
between 1 and 20 carbon atoms. It is preferred that Ry contain between 2-18 carbon

atoms, 4 to 18 carbon atoms, 4 to 12, 4 to 8 carbon atoms, 8 to 20 carbon atoms, 8-

25 16 catbon atoms, or 8-12 carbon atoms.



provi ded that the total nunmber of carbon atons in an amoni um cati on does
not _exceed 21 carbon atons 5 HYDROPHOBI CMONOVERS The
hydr ophobi ¢ nononmer nay be an acryl am de or nethacryl am de

corresponding to the follow ng fornul a:
L [err] In this formula, R err] may either be a hydrogen or a nethyl
- group corresponding to an 10 acrylamde or a nethacryl am de respectively.
Rlerr] and Rl err] are independently a -10- hydrogen or hydrocarbyl group

he.range of 2 FURMATONOEBRELOPGLIR 1 y. “uhen R i s a methyl group
then Rlerr] nust be1hgca n%&%eﬂggmuwwﬁeé&?%ﬁ%ﬁ?%ﬁgn%geIS preferred

that the total er of carbon atons rr] be in the
range of 4 to pelymnwmnas donge byowelltknawit free thdlicabmbthodsit 'ﬁlmsgemral grdpertie®

b h f d f t h b
tom i n R er P ATHaRidR RS 4 Y eagheicpRlRiSs Sreparaionsit gusisseain e
85t 2o Sag
unber of RO e PR IR S (AROF f°§f' WG &S0 e

The hydr ophobi d98® (upnka9-2H. alheEnbjml@edmcdlgdxmtenhmqmmaeﬁwhﬁfomghenyhof 20
t he formul a:

where R[err] i SSYST PRIVMEISERP 365-273e (Fhpipolmessizationympy be pcrnctugteg “h?‘li\l@ﬂ!h%@hl t
a
50U o0t 11 B s 08 o s o S0 SRR P

12, 4 to 8 car belected wiich aflotve bath thethydropldliogm hydrophbbic rdcﬁmﬁibi‘b@beat ons, - or

8- 12 carbon ato
10 mrgi;ntamed in solution. Mixtures of water, acetic acid, various molecular weight

alcohols such as, methanol, ethanol and butyl alcohol, as well as polar solvents such
as acetone, acetic acid, tetrahydrofuran, dimethyl sulfoxide, dioxane, dimethyl
formamide and N-methylpyrrolidinone. A wide variety of free radical sources may be
used as initiators including persulfates, redox couples, azo compounds and the like.

15 In particular, emulsion polymerization methods may be used to form polymers useful
in the present invention. The preferred method of polymerization is solution

polymerization and is illustrated in the following examples.

POLYMER PREPARATION
20 EXAMPLE1

A 200 ml resin flask was charged with 40 grams (0.101 moles) of 2-
acrylamido-2-methylpropanesulfonic acid sodium salt (58% monomer, 42% H,0),
4.3 g (0.033 moles) of t-butylacrylamide (t-BAA), 0.014 g (0.00016 mol) of sodium
bicarbonate (NaHCO3) and 20 g of MeOH. A nitrogen purge at 0.1 SCFH was

25  begun and the mixture was heated to 70°C with stirring.

In a separate beaker 0.014 g. (0.00006 mol) of sodium persulfate (Na;S,0s)
was dissolved in 3 g of H;O. This solution was taken up in a 20 ml syringe. The
syringe was placed on a syringe pump which was set to deliver 0.07 ml/minute.

The Na,S,05 solution was added, via the syringe pump, to the resin flask over

30  a45 minute period. The two monomers combined made up 42.7% of the total



-10- FORVATI ON OF THE COPOLYMER The copol yner is produced
by free radical polynerization. The pol yneri zation is done by

wel | -known free radical nethods. The general properties of acryl am de
polymers, as well as their nethods of preparation are discussed in The 5
Encycl opedi a of Pol ynmer Science and Engineering, Volunme 1, John Wley &

t Sons, 1985 (pp 169-211). The Encyclllopedl a di scusses techni ques useful
S in f or ni ng acry ester polyners (pp 265-273). The pol yneri zati on

" may be conduct‘@t?mlfﬁ Mm@ﬁesgﬁmddmonwaymplcmzo mllsﬁHm@landn%mﬂmﬁul si on

~nethods. In s Qon, sol ven ect mhlch
~allows both t%ﬁ%&%’%ﬁf@&%ﬁ% e 'r"E'rep tgre ﬁﬁﬁ:&@r flgeqjﬁoum h $HEQTHEHS ned
. in solution. Nftheflgsk vére poirRE ,mta%Qiys@al%h%idlshlﬁid o ﬂ%b@iﬂr% h\éﬁfs%t

' al cohol s such as nmet hano et hanol "‘and butyl al cohol, as well as pol ar

| sol vents such Yield 278 él:Q;Q%h@f pradugt icontaining, llt%rsallﬁ;tckndf&nﬁ/a:mtmgemdhhhd

i sul foxi de, d| 0 i d N-met hyl pyrrolidinone. A

. Wi de vari ety o%ﬁqﬁﬁeé‘eé&ra I°f520%?r‘y; tﬁ@?ﬂ@"lﬁ?’% used as initi ators

- including persul f at £4diti61ed eXan§MesW&e prépafedqt %hlto@ﬁ?d differen In
e used to

- particular, emulsion polynerization rret hods orm po yrrers
. useful i rPl't)m,ftlana@@i;G monowersi dihe rasulis pleesbtefonhdn ffabledd of

pol ymeri zation is solution polyma{d ation and is illustrated in the
fol |l ow ng exanpl es. POLYMER PRE 20 EXAMPLE 1 A
200 M resin f [ th 40 ranms (0.101 noles) of 2-

acryl am do- 2- n@ﬁ@oﬁ%ﬁg‘l&s%ﬁ %cr%lﬁlf“(ﬁlgsodl umsalt (58% nononer, 42%
Herr]O, 10 Hydophilic iapo0@3 mmb;nubﬂ-metmnrwamem}fbﬂmdm( $aitBAA), 0.014 ¢
(0.00016 nol) of sodium bi carbonate (NaHCO err]) and 20 g of MeCOH A
nitrogen purge at 0.1 SCFH was 25 begun and the m xture was heated to

70[ err] C wi t h Edrophobit/Hydrophilic Monomet Mofar Raiig" at € bem%&-r%éu&- (0. 00006
nol ) of sodlumpersulfate(Na err]S err err . was dissolved in 3 g
of H20. This &% ut ‘{‘a en u QP 2arfOss \Ipitiplge % The % sylnhergpe was
pl aced on a syrind P @r?mw&E Emg 1 0 @d %\ M Oﬁuﬁff/ niNiftegen. "t Vis*

The Na[err]S[err]derr] solutlonvva d®led V|a(ﬂl?e syringe punp, 98 the
resin flask over 30 a 45 m nute period. The two nononers conbi ned nmade up
42. 7% of the tlotal 25 75 427 0.12 0.04 20 113 64 228

-

2 90 10 288 0.060 0.02 75 2.5 9.9 1.89
3 75 25 41 0.096 0.03 40 5.0 8.7 2.46
4 85 15 28 0.063 0.02 100 3.2 9.5 1.69
5 80 20 45 0.05 0.02 40 44 9.2 2.78
6 50 50 36 0.075 0.025 50 8.9 6.7 2.14
7 95 S 42 0.25 0.1 32 1.1 9.8 2.08

* Inherent Viscosity at 30° C in Methanol



m xture. Thirty mnutes after addition was conplete, 20 ml of H20 and 45 m

of MeOH were added and the m xture was stirred at 70[err]C for three
hours. The contents of the flask were poured into a crystallizing dish
and dried at 80[err]C for 20 hours to yield 27.5 g. (100% of product
containing 11. 3% sul fur and 6.4% nitrogen and had 5 an inherent viscosity
of 2.28 dl/g at 30[err]Cin MeCOH. _12- Addi ti onal exanpl es were

- prepared using the sane nethod and different proportions of the
mononers. The 'EXANPBEgset forth in Table I. _
TABLE 1 Hydophobl- ¢ nononmer = t-Butyl acrylam de 10 Hydophilic
nmonomer = 2- Acryl aniAlgo@mirpdsinflask s obarged évithISQgQ@ﬂﬂni‘d@es}@fﬁ-acrylanndo-z-

- Hydr ophobi ¢/ Hydro h| lic Monomer Mblar Ratio nmer Product Ex.

" hydro- hydro- ggethy propmw@omw rN]iSf-lé(ﬁsf/qI@mlpelr, |4 4 H30), 39.2g (095 moles)
~ I nheren t v S of t bB@?R&}ﬁate Qm 45 % oﬂ&“&i!P rThe mlxturé was m@%l’;@?ﬁ{omogeneoui )

. Nitrogen

S dl/g 3  and 2en heated %o 70‘”2vﬁthaNQSﬂrge at08. SCFM 20 11.3 6.4
- 2.28 2 90 10 75 2.5 9.9
1. 89 3 75 In a spppratebeaker 0.021g (@9@009 mok) 8f Na,5505 was dissalved 1n837
2.46 4 0.063 0. 02
1 69 5 H@Sand 1 #OHA%% the solut1<61 Was takerbuybnél a20 axgsynnge. 4 Iﬁe syrmg_e 5
2.78 6 waﬁgxlaced oh@ syrife pump which Y8 set t8 defr at §.97 ml/mif: 9 6.7
2.14 7 9 5 24 0.25 0.1 32 1.1 9.8
2.08 * | nher dhe inttiatopwias gdded totheresin flask oveiappramimately 45 minutes.

10  After the addition was complete the solution was stirred for an additional 4 hours at
70°C. The contents of the flask wére then poured into a crystallizing dish and dried
at 90°C overnight, to yield a product with 3.0% nitrogen, 6.5% sulfur and with an
inherent viscosity of 2.1 dl/g at 30°C in MeOH.

Additional examples were prepared using the same method and different

15 proportions of the monomers. The results are set forth in Table II.
TABLE 2

Examples 8-10

Hydophobic monomer = t-Butyl acrylate
Hydophilic monomer = 2-Acrylamido-2-methylpropane sulfonic acid Na salt

20 Hydrophobic/Hydrophilic monomer Molar Ratio Polymer Product
Example Hydro- hydro- % NazS;0;  Initial %Sulfur % Nitrogen Inherent Vis*
phobic ~ philic ~ monomer (mole%) MeOH dvg
(ml)
8 50 50 26 .06 100 3.7 1.1
9 50 50 43.1 .03 45 30 21
10 65 35 397 .03 50 29 1.8

* Inherent Viscosity at 30° C in Methanol



-12- EXAMPLE 8 A 200 Ml resin flask was charged with
59g (0. 15 noles) of 2-acryl am do- 2- nmet hyl propane sul fonic acid Na
salt (58% nononer, 42% Herr]O, 19.2g (0.15 nol es) of t-butylacrylate
and 45 g. of MeCOH The m xture was stirred until honbgeneous 5 and t hen
heated to 70[err]C wth a N2 purge at 0.3 SCFM In a separate
beaker 0.021g (0.00009 nol) ofNaJerr]S[err]derr] was dissolved in 2g
Herr]O and 1g MeOH and the sol ution wast¥aken up in a 20 m syringe. The

syringe was pl syringe punp which was set to deliver at 0.07
m / mn. afﬁgm(:itiator was added to the resin flask over

o otirred for an ANGrder 46 eyt 8 oel findtee ot i ing¥ity SelFmE o mefhod %88 ¢ o
flask were t heraem%peaoror Qb@lyﬁleﬁ’ﬁhﬁihgl toirédued nﬂst%hnﬁaﬁndmh&%ethod uﬁblv%&’[ err]C

overnight, to yiel roduct with 0% ni trogen, 6.5%sul fur and with an
i nherent Vi sco@p@uggfth@hguxd ppgammg:mqyem]i@ 5 weightercent of mist suppressaudtdo be onal

crarmL e et SRR kPSSP, RO SR oL 0 o i LR O

TABLE 2 flows from the outer tube of the atomizer. The tEtHqRHIASS atdmbied and the
Hydophobi ¢ nononmer = t-Butyl acrylate Hydophi I'i ¢ nononer =

2- Acryl am do- zrenyltiml Sprayrsmkes 9lsb1feem Whlc&as nlaoed IRatentidBters from the end of the

hobi ¢/ Hydr ophi | Pr oduct
O ool e Sy M alhiabn. fheBRormizgfon propgss Sopndes o pefanlar Refiod PEHIS aBght oy

Exanpl e

%\" "[v.re%%e n ' n h‘%ﬂﬁéht th¥lséreen is dried. The  Fhray emergfPArh the AOnlzef strik8RE WErked HO! ©
(m) 108 a circular pattern.5The size of the patter depends on @l distanceQsT the screen@réin
3.7

%helatomizer, the liquid flow rate, the air pressure. These parameters were
standardized and were held constant through the measurements described below. It
was found that known mist suppressant polymers had a strong influence on the
diameter of the pattern produced on the screen. Water, which may be atomized

15  relatively easily into a fine mist, produced the largest diameter pattern. When a
known mist suppressant, POLYOX® was added to the water, a large reduction in the
pattern diameter was observed. Similarly, samples of the polymers disclosed herein
were dissolved in water and found to substantially reduce the diameter of the spray
patterns produced on the screen. The samples approximately 350 grams of the test

20  solutions containing each suppressant were subjected to shear for two minutes in a
Waring commercial blender Model 700 with a 20,000 RPM rotation speed. The
samples were then retested for the effectiveness of the mist suppresant polymer.

The efficiency of mist suppression was calculated using the following

equation:

25 ' D water ™ D test sample

Dwater

Where D is the diameter of the spray pattern.
30



9 50 50 43.1 .03 45 6.5 3.0
2

ol ~ 10 65 35 39.7 .03 50 4.8 2.9
1.8 : * I nherent Viscosity at 30[err]C in Methanol

-13--- TESTI NG In order to evaluate the
performance of the inventive polyners, a nethod was devel oped for a

polynmer's ability to reduce m st formatiign. This nethod invol ved
punpi ng the liquid containing a dye and 0.5 wei ght percent of m st

suppressant to be 5 Thﬂ%@hiﬂe@ﬁﬂhﬁ&f@uﬁ#ﬁsﬁnEﬂm‘elﬁ%vﬁﬂPSﬁﬁﬁ' air
bl ast atom zer. Air,. _at _high pressure ows fromine outer tube of the

atoni zer. The t SATERWEIY s at on¥eAR and t he 248 ti ng spr ay~ Bsef migs
a screen which is placed 38 [$hesrt=i0nmhi i@ bender] OM t [SBeacZiminfin Kldn@er] @bR¥iod eith

- The atom zation process continues .for a standard period of tine af}8l—2min
which the screen is dried. The spray energing fromthe atom zer strikes the
screen in 10 a circular pattern. The size of the pattern depends on the
di stance of the scr rom t atom zer, the ligghd flow rate,

air pressure. Theseﬁ%ﬁgrret ers vverg'%o st andar di zed 'g?ld were held toh&
constant through 1 hdlliorMwrenments 20e33ri bed bel ow. 1t6.50 was found g$ad
known m st suppressant_ polyners had a strong influence on the di anet er
of the pattern proBQE'é' %n the screen. Water, which may be atom zed 15

relatively easil y,i.%: ine m st oduced the larg di anmeter pattgr
When a knomzﬁﬂ%pn%‘%pr essants,g'%{lYOX[ err] was aggséd to the wat eﬁs.&
| ar ge reduction i nPODAOX pattern di aneter was observed. Simlarly,
sanpl es of the polyners disclosed herein wer e dissolved in water and
found to substantially reduce the dianeter of the spray patterns
produced on the screggne The sanpl proxi mately 350 ms of the test, .20
sol utions contai ni ngﬁ’ég):h suppresggsnfaowere subj ect ed %(gJ@hear for twoSM'325
mnutes In a (Ex 3) 16.67 14.23 (14.63)
gain
(Ex 6) 10.16 8.37 17.60
(Ex 9) 17.32 8.94 48.36
(Ex 10) 19.11 12.20 36.17
COMPOSITIONS

The metal working fluids of the present invention include aqueous based, oil-
5 free compositions. In their simplest form, these compositions include water, and the
antimisting polymer. It is desireable to include the polymer at a level which is
effective to suppress mist. However, even with recovery of used metal working
fluids some is lost in use and the antimisting polymer is an expense. Accordingly, it is
also desirable to use the antimisting polymers at the lower levels of their effective
10  concentration range. Many factors affect the level of polymer required to achieve an
antimisting effect. The shape of the tool and the work piece, the shear level in the
particular application, and the rate of movement of the workpiece all influence the

amount of mist supression required. The antimisting polymer is used in a



Waring comercial blender Mdel 700 with a 20,000 RPM rotation speed. The
sanples were then retested for the effectiveness of the m st suppresant

pol ymer. - The efficiency of m st suppression was cal cul ated
using-the foll ow ng equation: 25

[err] Where Dis the dianeter of the spray pattern. 30

- 14- Tabl e 3 Changes i g\/l st Suppression Efficiency with
Shear MATERI AL | D % € %err]D

% | oss of m st [ Shear

= o minin bl eSeue rePtratlonsrL?,Bgeeggq 8%W&llhpirceneiato 10 welg”fnt percent {)aseﬁi upJ)n the
shear = 2 m n total weight of the cc\fﬁﬁ&iﬁon A mixture of the Qnﬁglstmg polymers ma%/ also be

0. 00 mllion

6. 50 used to premsths@omposmons POLYOX 2 i | | i on MN

39. 84 OL YOX
(Ex 5) 111 gd%’gon 16108 antimisting polymer, thi equf.gus metal working ﬂulds may
14. 35 ) 5  containfdditives to improve the prop@rtfes of the composition. These additivés 23
(14. 63

include anti-foam agents, metal deactivators, and corrosion inhibitors, antimicrobial,
anticorrosion, extreme pressure, antiwear, antifriction, and antirust agents. Such
materials are well known to those skilled in the art.

The metal working fluids of the present invention may also be oil-in-water

10  emulsions. The emulsion compositions contain the same types and amounts of
antimisting polymers as the purely aqueous compositions discussed above. The
compositions may also contain the property improving additives which have been
used in the purely aqueous fluids noted above.

The oils used in the emulsion compositions may include petroleum oils, such

15 as oils of lubricating viscosity, crude oils, diesel oils, mineral seal oils, kerosenes, fuel
oils, white oils, and aromatic oils. Liquid oils include natural lubricating oils, such as
animal oils, vegetable oils, mineral lubricating oils, solvent or acid treated mineral
oils, oils derived from coal or shale, and synthetic oils. Synthetic oils include
hydrocarbon oils and halo-substituted hydrocarbon oils such as polymerized and

20  interpolymerized olefins, for example polybutylenes, polypropylenes, propylene-
isobutylene copolymers, chlorinated polybutylenes, poly(1-hexenes), poly(1-octenes),
poly(1-decenes); alkyl benzenes, such as dodecylbenzenes, tetradecylbenzenes,
dinonylbenzenes, di-(2-ethylhexyl)benzenes; polyphenyls such as biphenyls,
terphenyls, and alkylated polyphenyls; and alkylated diphenyl ethers and alkylated

25  diphenyl sulfides and derivatives , analogs and homologs thereof.

Alkylene oxide polymers and derivatives thereof where terminal hydroxy
groups have been modified by esterification, etherification etc. constitute another
class of synthetic oils. These are exemplified by polyoxyalkylene polymers prepared
by the polymerization of ethylene oxide or propylene oxide, the alkyl and aryl ethers

30  of these polyoxyalkylene polymers such as methyl-polyisopropylene glycol ethers,



gai n (Ex 6) 10. 16 8. 37

17. 60 (Ex 9) 17. 32 8. 94
48.36 . (Ex 10) 19. 11 12. 20
36. 17 COVPCSI Tl ONS The metal working fluids of the
present invention include aqueous based, oil- 5 free conpositions. In

their sinplest form these conpositions_include water, and the
antimsting polyner. It is desireable 87 ncl ude t he polymer at a | evel

which is AMEdib@yi ] A ' ry of
used nmetal wor Ffrl\ég&t 1%?1{']1' gs Esgﬁéﬂigstﬁ’fl%nst ny’%gdemgﬁggrtl%&gﬁ?%&g?i ng

pol ymer is an esteretimeeofMoc exatiplelthe adetic iesters, mixed|Ge Cicfatty abideesteos amleCis he
antimsting po .S at the l.oper |evels of theiy effective 10 )
concentration b}éﬁe gstmﬂ)t,etfag&ygﬁg glyp?]ecﬁmp{;éﬁnslgp@eﬁmrs m§%$°dr3é&m¢%t& to
achi eve an : I He Sdisl : | and the work

pi ece, the sheg%s?ﬁgaver%s’ ‘iiltﬁ&?lhgﬁér?&hecggrg@ie%Eﬁg%t%%%‘f)@g%@gn, and the rate of

movenent of5 t he wor Apotheesuitiableictuks ofsyothetibails comprisesthetestefs ofifatty aaigs saski on
requi red. The ant '

jmstin Lynmer | dijn.a . .
18- ofthtlioleers nirel Eanoptep aasbiersl Rplmitefe Th esters of icabokic per cent
based upon  Neycids such u@hRbINEICH su@bid Ay GARESLY! DBIichcll Wil e
antimisting polyners nay al so Dé used to prepare thé conpositions.
| n addi tion t ofuniaeicavid adipiciacid, Imdlsicacid dirher, mglonieuidyalksd matoniciaoids,f | ui ds

my 5 contain additives to inprove the properties of the conposition.
These additi vedlkenyl malqnwcmfifé“élh% varjetpt dlgpholssuchas wwbﬂé%ﬁilpl,&am&&%d

corrosion jnhi pi a1 | o t I €54 ssure,
ant i vear, St fodeBftiechl 2B Pilpohiol, eyl @RighERl ethyithe RN AFRGRC LT

known t o thoseethéd, ptapylens glydel. Bpecific examples of these Bstersinélade dibutyl adipdte,ui ds of
the present invention may also be oil-in-water_ 10 emnul signs. The, emul sion

conposi tions céid-gthylhexy) sehacate, dirachexyl fumarata, dipcyl sebacate, diisoctyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of

linoleic acid dimer, and the complex ester formed by reacting one mole of sebacic
15 acid with two moles of tetraethylene glycol and two moles of 2-ethyl-hexanoic acid.
The ratio of oil to water may vary from about 1:5 to about 1:200. Any oil-in-
water emulsifier may be used to prepare the emulsions of the present invention.
Emulsifiers may be single materials or may be mixtures of surfactants. Typical
emulsifiers include alkali metal sulfonates and carboxylates, salts derived from the
20 reaction product of carboxylic acylating agents with amines and hydroxylamines,
polyols, polyether glycols, polyethers, and polyesters and the like. The Kirk-Othmer
Encylopedia of Chemical Technology (3rd. Edition V. 8 pp. 900 - 930) provides a
good discussion of emulsions and provides a list of emulsifiers useful in preparation
of oil-in-water emulsions.
25
OTHER INGREDIENTS
A typical metal working fluid would include other components such as anti-
foam agents, metal deactivators, corrosion inhibitors, antimicrobial, extreme pressure,
antiwear, antifriction, and antirust agents. Typical anti-friction agents include

30  overbased sulfonates, sulfurized olefins, chlorinated paraffins and olefins, sulfurized



antim sting polyners as the purely aqueous conpositions discussed above.
The conpositions nmay also contain the property inproving additives
whi ch have been used in the purely aqueous fluids noted above.

The oils used in the enul sion conpositions may include petroleumoils, such
15 as oils of lubricating viscosity, crude oils, diesel oils, mneral seal
oils, kerosenes, fuel oils, white oils, and aromatic oils. Liquid
oils include natural lubricating oils,-such as animal oils, vegetable

ils, m | lubrjcating oils. sol i d d, | il's,
o 15 derived fPiSnPlefE aBPh<ka RS ntiBlyrehea sogrt oy hsprae siss i nol ude
hydr ocar bon oithsefiaaskifedn? agenbsinbibgé: eﬂkﬁ@mﬁéﬁlat@& la?/lfi ?ﬁ?&eﬁ@léﬂﬁkﬁ%ﬁr | zed

and 20 interpolynerized ofefins, for e ybut
pol ypr opyl enedMetpl dgagtivatars include materidisisuchas ¢olyltniazolese Corrosioh duliibitgre d

R A R TI— e )

di nonyl bengenaindd] ikt biietRratbd HANKEARS: Pol yphenyl s such as bi phenyl s,
terphenyl s, and al kyl ated pol yphenyls: and al kyl ated di phenyl ethers and

al kyl ated 25 di phenyl sulfides and derivatives, anal ogs and honol ogs

t her eof Al kyl ene oxi de polyners and derivatives thereof where
term nal hydroxy groups have been nodified by esterification,
etherification etc. constitute another cl ass of synthetic oils. These
are exenplified by pol yoxyal kyl ene pol yners prepared by the

pol yneri zati on of ethyl ene oxide or propyl ene oxide, the al kyl and aryl
et hers 30 of these pol yoxyal kyl ene pol yners such as
met hyl - pol yi sopr opyl ene gl ycol ethers,

- 16- di phenyl and diethyl ethers of polyethylene glycol;and nono and
pol ycar boxyl i c esters thereof, for exanple, the acetic esters, m xed
Cerr] - CJerr], fatty acid esters and C13 OxO di ester of

tetraethylene glycol. Sinple aliphatic ethers may be used as synthetic
oils, such as, dioctyl ether, didecyl ether, di(2-ethylhexyl) ether. 5

Anot her suitable class of synthetic oils conprises the esters of fatty

aci ds such as ethyl oleate, lauryl hexanoate, and decyl palmtate. The
esters of dicarboxylic aci ds such as phthalic acid, succinic acid,

mal ei ¢ acid, azelaic acid, sebacic acid, fumaric acid, adipic acid,

|l inoleic acid dinmer, malonic acid, alkyl malonic acids, al kenyl

mal onic acids with a variety of al cohols such as butyl al cohol, hexyl

al cohol, 10 dodecyl al cohol, 2-ethyl hexyl alcohol, ethylene glycol,

di et hyl ene gl ycol nonoet hyl



et her ," pr opyl ene—gtycot—Speci-f+c—exanpl es of these esters include dibutyl

adi.pat e, di (2=et bacat e, di-n-hexyl fumarate, dioctyl
sebacate, diisoc Iliﬁ B Et[ “m di octyl phthal ate, didecyl phthalate,
di ei cosyl sebacate," L 2" xyl diester of linoleic acid diner,

and the conplex ester forned by reacting one nole of sebacic 15 acid with
two noles of tetraethylene glycol and two nol es of 2-ethyl-hexanoi c acid.
The ratio of oil.to water may vary from about 1:5 to about 1:200. Any

oil-in- wat-er-emul si fier may be useglgto prepare the enul sions of the
present invent i‘?ﬂa is laixE&%ﬂ"kssi fiers my be single materials or may be
- m xtures of sur ac¥ BNt o ypI cal emul sifiers include al kali netal

- carboxylic acylating agents with am nes and hydroxyl anrnes,
pol yet her gl ycoressingorgpalymes formed dut gepolymerizing (A 4 ihydrophobidinidnopidiner

- Encyl opedi 3 of Sggg@&?‘%ﬂ‘}ﬁ%gg‘ﬂ?ﬁ%{sgﬁg|'°§"Edi tion V. 8 pp. 900 - 930)

sul fonates and car baxyAat &gueond!hétall Working ﬂﬁi@%&ﬁﬁrliaﬁg WHRF ah@h H{iQ(fjk\gf- of
pol yal's,

provi des a goo ions and provides a |ist of

enul sifiers useful iA(IpagRBEASUBStituted acrPlanié chBpYRIER | >
OTHER | NGREDI ENTS W 7 A typical” netal cv\o?ﬁ\?ﬁng ?‘ﬁgghﬁé\mu 1Elancl ude
ot her conponents such as anti - foam agents, netal deactivators,

corrosion inhibitors, antimcrobial, extreme pressure, anti wear,
antifriction, and antirust agents. TypicaRyamti-friction agents include 30
- overbased sul fonates, sulfurized ol ghjns, | cHéoﬁ,nEj ed paraffins and
ol efins, sulfurized 2=—C—C—N_ -17-
ester olefins, am ne term nated pol yglycols, and %%di um di octyl phosphate
salts.” Useful anti-foam agents include: alkyl polynethacryl ates, and
pol ynet hyl si | oxanes. Metal deactivators include materials such as
tolyltri azgl eswherdih &, &Ny hBidY nfghwid r oyl i ri I .ap.ne
salts, carboxylic aciq§ %n? E‘gms%e??irs% kan%ll ﬁgrgﬁsn%g, Kﬁla&g%’l h%mﬂlﬁgg%ﬁegl. S
and the |ike. hydrogen or hydrocarbyl groups, provided that the total number of carbon

i

atoms in R, and R; combined is between 2 and 36, and

A(II) an acrylate ester of the following formula:

R; O
CH2==(|:—yJ—-O—'—R9
15
where R, is a hydrogen or a methyl group and Ry is a hydrocarbyl group con-
taining between 1 and 20 carbon atoms; and
(B) a hydrophilic monomer compound selected from the group consisting of:

B(I) acrylamido sulfonic acids having the formula:

Ry

T
” CH;=C—C—NH—R—S0;" X'

wherein R, is a hydrogen or a methyl group and R is an aliphatic or aromatic
hydrocarbon group containing from 2 to 8 carbon atoms;

‘B(I) acrylamido disulfonic acids having the formula:

S &

R, (I) SO; X
CH2=JI—'é —NH—R—S0;” X



What - ifs clained is: 1. An aqueous netal working fluid

conpri si !\le ﬂ nﬂllt [IIst sup- pressi ng copol yner formed by
copol yre Wdllophobi ¢ nmononer 5 sel ected fromthe group
consi sting of: nesor A(l) an alkyl substituted acryl ani de conpound

havi ng the fornmul a: [err]

. 10 wherein R err] is a hydrogen or a nethyl group and R2 and R3 are

i ndependent |y hydr ogen or hydrocarbyl groups, provided that the total
nunber of carbon atonms in R2 and-BB- conbined is between 2 and 36, and

A(l'l) an acryl tyer: 0 | | ow f.or.mul a; . . . .
[farr% 15 g eJh%\r/ﬁgrlg“ 1?3[%P&ngégﬁadrhygﬁkgg’élngr(?}lpMWIangq'lmtlﬁrﬂf Bomatc | s
a hydrocarbyl gyatopatbongroup confairifl Febnb 2 ttoBeshrBorMnR? afi@r bon at oms; and
(B) a hydrophilic nononmer conpound selected fromthe group consisting of:
B(1) acryl ami do sul BéHixstyrangsulfanicrasid havingrthe fermula: |

[err] wherein R4 is a hydrogen or a nethyl group and Ris an

al i phatic or aromatic

CHy=—=CH

©-so3' X

and X' is a cation selected from the group consisting of alkali metal cations,
alkaline earth cations, cations of the transition metals Sc, Ti, V, Cr, Mn, Fe,

10 Co, Ni, Cu, Zn, and ammonium cations of the following formula:

RsReR7RgN"

where Rs Rg R; , and Ry are independently hydrogen or hydrocarbyl groups,
15 provided that the total number of carbon atoms in an ammonium cation does not
exceed 21 carbon atoms and further provided that if A is A(I) then the ratio of
moles of A to B is in the range of 95:5 to 25:75 and if A is A(II), then the ratio
of moles of A to B is in the range of 90:10 to 25:75.
.2. An aqueous metal working fluid according to claim 1 wherein the
20  hydrophobic monomer is A(I).
3. An aqueous metal working fluid according to claim 2 wherein the
total number of carbons atoms in R, and R; combined is 4 to 24 carbons.
4. An aqueous metal working fluid according to claim 1 wherein the
hydrophobic monomer is A(II).
25 5. An aqueous metal working fluid according to claim 4 wherein Ry

contains 2 to 18 carbon atoms.



hy drocarbon irouﬁ cont ai ni ng from2 to 8 carbon at ons; B(Il)

o MM o e e o

R4 is a hydrogen or a rrethyl group and Ris an aliphatic or aromatic

hydr ocarbon group containing from2 to 8 carbon atons; and

. B(111) styrene sulfonic acid hawngthe_g_fo).rrmla 5

[err] and X[err]. is a cation selected fromthe group

- consisting of al kal i6- /bR aAueQHsimetel working campasition asgerding to cleim, | wheieims

of the trans!thfg@g?@oﬁhﬁyfcsrﬁpngﬁlem\é gmll\m Fe, 10 Co, N, Cu, Zn, and

anmoni um catli o oW n

- [err] wher e 7R[,Qﬁ hhued?{sﬁﬁéthl wBHﬁhg]ﬂmdiBch?ﬁﬁ{gr tb Mif b nﬁlﬂ‘iﬁ@t ly
. hydrogen or hydroc ar byl groups, 15 rovi ded that the total er of
. carbon atons i # M@m@mﬂs @naurylaenidot2-methylpropane sulfonic a°1d sodium

5  salt.

8. An aqueous metal working fluid according to claim 1 wherein thé
hydrophilic monomer is 2-acrylamido-2-methylpropane sulfonic acid sodium
salt and the hydrophobic monomer is t-butylacrylamide.

9. An aqueous metal working fluid according to claim 1 further compris-

10  ing an oil and an emulsifier, wherein the fluid is an oil-in-water emulsion.

10. An oil-in-water emulsion metal working fluid according to claim 9
wherein the hydrophobic monomer is A().

11. An oil-in-water emulsion metal working fluid according to claim 9
wherein the hydrophobic monomer is A(II).

15 12. An oil-in-water emulsion metal working fluid according to claim 9
wherein the hydrophilic monomer is B(J).

13. An oil-in-water emulsion metal working fluid according to claim 12
wherein the hydrophilic monomer is 2-acrylamido-2-methylpropane sulfonic
acid sodium salt.

20 14. An oil-in-water emulsion metal working fluid according to claim 12
wherein the hydrophilic monomer is 2-acrylamido-2-methylpropane sulfonic

acid sodium salt and the hydrophobic monomer is t-butylacrylamide.



exceed 21 carb ,mm ﬂﬁland further provided that if Ais A(l) then the

ratio of "’Hm umls in the range of 95:5 to 25:75 and if Ais
A(l'l), then thes noles of Ato Bis in the range of 90:10 to
25: 75: 2. An aqueous metal working fluid according to claim1
- wherein the 20 hydr ophobi ¢ nononer is A(l). 3. An aqueous
metal working fluid according to claim2 wherein the total nunber of
carbons atons in R2 and R3 conbined is 240 24 carbons. 4. An

r ophob ¢ oSaeoiBths, yls ek e Bydiecis, 2hd sl SRS ohefbante g ng
| fIt ui d accor di nysefol aitafoamagehsimilwdeR iyl bolymethac@l&tﬁs%ﬂ!ﬁpo?yxhéthﬁﬁldiﬁﬁ&on
at ons.

An aqueous net Metalslerstivgtorninglude matssialssyeh as tolyltriezalesai (ﬁtrrlomnblbmors t he
hyd hili Ki Fluid
arcording to e shbesitiohoriacid diamine it carknRE UGS SRl SRy alltnc] "9 11!

~ 2-acryl ani do- 2aminiel)dlipnobaniae botatesand tidilg, sodium 5 salt.
. 8. An aqueous netal working fluid according to claim 1l wherein the

hydr ophi Il i ¢ nononmer is 2-acryl am do-2-net hyl propane sul fonic acid sodi um

salt and the hydrophobic nononer is t-butylacrylam de. 9. An
aqueous netal working fluid according to claiml1 further conpris- 10 ing
an oil and an enulsifier, wherein the fluid is an oil-in-water emnulsion.
10. An oil-in-water emul sion netal working fluid according to claim9
wherei n the hydrophobic nononer is A(l). 11. An oil-in-water
enul sion nmetal working fluid according to claim?9 wherein the

hydr ophobi ¢ nononer is A(lI1). 15 12. An oil-in-water emulsion
metal working fluid according to claim?9 wherein the hydrophilic
nmononmer is B(Il). 13. An oil-in-water enul sion netal working
fluid according to claim 12 wherein the hydrophilic nononer is

2-acryl am do- 2- met hyl pr opane sul fonic acid sodiumsalt.



20 14. An oil-in-water enul sion netal working fluid according to
claim12 wherein the hydrophilic nonomer is

2-acryl am do- 2- met hyl pr opane sul fonic acid sodiumsalt and the

hydr ophobi ¢ nononer is t-butyl acryl am de.

-21- ester olefins, am ne term nated pol yglycols, and sodi um di octyl
phosphate salts. Useful anti-foam agents include: alkyl polynethacryl ates,
and pol ynet hyl si |l oxanes. Metal deactivators include materials such as
tolyltriazoles. Corrosion inhibitors include carboxylic/boric acid diamne
salts, carboxylic acid am ne salts, al kanol am nes, al kanol am ne borates
and the like. Z99.

SULFONATE CONTAINING COPOLYMERS AS MIST SUPPRESSANTS IN ‘SOLUBLE
OIL (WATER -BASED) METAL WORKING FLUIDS .

ABSTRACT

Aqueous metal working fluids containing a mist suppressing copolymer are
disclosed. The copolymer includes hydrophobic and hydrophilic monomers.

5 Optionally, the metal working fluid may be an oil-in-water emulsion.
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